INTRODUCTION
The flow of a homogeneous incompressible fluid past a right circular cylinder in a non-rotating frame of reference is regarded as a classical problem in fluid dynamics. The review article by Berger & Wille (1972) , the discussion in the textbook by Batchelor (1970) , and the recent experimental studies of Coutanceau & Bouard (I977) and Gerrard (I978) are good starting points for a study of the subject.
It is well known that the flow characteristics of this physical system depend on one dynamical dimensionless parameter, the Reynolds number, Re = UR/v, and, for confined flows past cylinders of finite length, the geometrical parameters defining the aspect ratio of the cylinder, R/H, and the ratio ofu the radius of the cylinder to the distance from the cylinder axis to the wall confining the fluid, R/L. Here Uis the free-stream speed, R and Hthe cylinder radius and length respectively, v the kinematic viscosity of the fluid, and 2L the dimension of the experimental apparatus measured normal to the free-stream velocity and the cylinder axis; see figure I a with ) =0. The influence upon the flow character of varying the geometrical parameters R/H and R/L was investigated respectively by Nishioka & Sato (974) and Coutanceau & Bouard (977) . It is of course true that other dimensionless parameters accounting for such factors as free-stream turbulence, roughness of the cylinder and the streamwise dimension of the experimental apparatus might also be important but these are not considered further in the present discussion.
The physical system in which the flow takes place in a frame of reference rotating uniformly about a vertical axis, with the cylinders xis also being vertical (see figure a), has not received much attention. Because of the importance of background rotation on geophysical motions, such a system is of interest to meteorologists and physical oceanographers studying topographic effects on air streams and ocean currents.
For example, the international meteorological community is currently planning an important field experiment to study cyclogenesis in the lee of the Alps (Alpine experiment: Alpex ); see GARP (I978). Jule G. Charney suggested, during the UNESCO Summer School in Venice in 1973, that vortex shedding resulting from flow separation in the lee of mountain ranges might be a mechanism for cyclogenesis. It is of course true that atmospheric phenomena such as cyclogenesis are far more complex than those represented by the physical system being considered in this paper. Nevertheless, it is expected that certain features of atmospheric (or oceanic) flow past large mountains or mountain ranges might exhibit some gross similarities to the flow past a cylinder as being considered here. This view has been advanced in a recent theoretical study by Merkine & Solan (I979).
The shedding of vortices by isolated mountain topography is an atmospheric phenomenon that has been recognized by meteorologists for many years (see Gjevik (1980) of them using data from satellite-observed cloud patterns (see Gjevik I980). There are further geophysical motivations for this work: for example, an improved understanding of such a physical system in the laboratory, especially the character of the wake, could be of importance in the study of ocean currents past islands (see Hogg's (1980) 
review article on the general aspects of topography effects on ocean currents). The existence of stable eddy pairs downstream of Tobi island in the western Pacific has recSntly been discussed by Imberger & Johannes (I98I).
We now return to the specific system depicted in figure I a where the upper and lower bounding surfaces are parallel and horizontal; we call this thef-plane configuration. A dimensional analysis leads to the conclusion that one more dynamical parameter must be considered than for nonrotating flows. In the study of rotating fluids it has become customary to introduce two new parameters: the Rossby number, Ro = U/2(oR, and the Ekman number, Ek = v/2wR2, where ( is the rotation rate of the system. Note that the Reynolds number (the ratio of Rossby to Ekman number) is thus not an independent parameter. In the following the Reynolds number will in general not be used explicitly, although it can always be calculated easily.
Background rotation has a major effect on the characteristics of the flow field past a cylinder, especially in the wake. One of us, Boyer (I970), developed a rotating water tunnel facility which could be used to investigate the system depicted in figure For uniformly rotating systems such as those being considered it is possible to simulate the f-effect by tilting the upper and lower surfaces of the fluid container from north to south, with the 'thin' portion toward the north (figure 1 b) (see Greenspan I968; Vaziri & Boyer I977). We refer to the system in figure 1 b as the f/-plane configuration.
In considering flow past a cylinder on a fl-plane we must thus introduce an additional dimensionless parameter, fi, which, following Merkine (I980), we take as A = floR2/U.
As noted in the next section, f3 can be simulated in the laboratory by tilting both the upper and lower surfaces of the channel at an angle a to the horizontal (see figure I b Difficulties are encountered with this method unless the electrical conductivity of the working fluid is carefully controlled. Tap water can be used successfully, though in the experiments described here distilled water was used to which a modest amount of common salt and a small amount (a few grams) of sodium carbonate was added. The optimum amount of salt required to avoid either too high conductivity (and resulting polarization bubbles) or too low conductivity (no tracer) was established by trial and error. For our apparatus of capacity 0.08 m3 approximately one cup full of salt was satisfactory. Similarly, the voltage applied to the electrodes needs to be adjusted carefully to give sufficient tracer for effective observation and photography, while avoiding the emission of polarization bubbles. Because the surface of the solder degrades with time through the action of electrolysis, the probes required periodic replacement.
The tracer produced by the above technique is approximately neutrally buoyant. The velocities of the undisturbed flows were sufficiently high that the particles in the tracer did not settle out of the fluid within the main part of the working section. Within the wake region, however, flow velocities were typically not high enough to sweep away all of the dye generated on the boundary of the cylinder. As a result, in certain parts of the wake region tracer particles were observed to drop out of the colloidal cloud into the Ekman layer on the bottom surface of the channel. This effect is shown in some of the photographs presented in this paper. It should also be noted that air bubbles trapped between the working channel and the tank, are occasionally visible on the photographs; because they were outside the working channel, they had no effect upon the flow.
Experimental procedure
Each experimental run was conducted with a given cylinder, a given slope, a, and a given baffle set appropriate to the parameter range under investigation. All solder probes for the flow visualization were checked for adequacy before the start of the run.
The parameter values were varied systematically to obtain, as far as possible, a uniform grid in dimensionless parameter space; for example all parameters except one (e.g. Ro) were fixed and then that parameter was varied. Sufficient time was left between sets of observations to allow the flow to spin up to thle steady state (or periodic unsteady regime). The temperature of the water was recorded throughout the run. For a particular combination of rotation rate, ( 
General observations
In this section we describe the principal qualitative observations made during the course of the experimental programme. Figures 5a-c (plate 1) show examples of the streamline patterns obtained for steady flow on anf-plane, and eastward and westward flow on a f-plane respectively. For all of the experimental photographs north will be towards the top, east to the right and so on. In these experiments the tracer is released along a series of vertical solder wires upstream of the cylinder. Since the flow is steady the streak lines represent streamlines of the flow. These photographs typify all experiments conducted for parameter combinations for which the flow is steady.
For thef-plane and f-plane westward flows, one apparent aspect of the flow patterns is that, when the flow is essentially fully attached, the interior flow away from the cylinder walls approximates potential flow past a cylinder in a non-rotating frame of reference. As the extent of the separated region increases (with increasing Rossby number, for example) the interior flow adjusts in a manner not dissimilar to that observed in the non-rotating case: i.e. the flow away from the eddies moves smoothly past the cylinder and the associated downstream bubble enclosing the eddies. For these flows the separation between adjacent streamlines, and the lateral streamline location far downstream of the cylinder, approximate those occurring in the free stream. In consequence e/R will be underestimated. Ideally, of course, the definition of fully attached flow, vis-a-vis e/R, is that e/R is identically zero. Because of difficulties related to such matters as tracer diffusion near the downstream portion of the cylinder, observational errors caused by insufficient tracer being released into the boundary layers and so on, substantial experimental error enters into the measurement of e/R, especially when the eddy sizes are small. We have thus adopted the rather arbitrary definition that when e/R < 0.5 the flow is 'essentially fully attached'. 
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